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Agend:
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* Errors and uncertainties

« The Reading Error

« Accuracy and precession

- Systematic and statistical errors
* Fitting errors

* Rejection of the data points
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ATMOSPHERIC SCIENCES

UNIVERSITY OF ILLINGIS AT URBANA-CHAMPAIGN

Department of Atmospheric Sciences > Urbana-Champaign Weather

CURRENT CONDITIONS

Willard Rest Of today
Airport
=
10:53AM

Partly sunny with isolated showers.
Highs in the mid 60s. Northowest winds 5
to 10 mph. Chanece of precipitation 20
percent.

Partly Clondy Skies
Temperature: 63°F
Dew Pomnt: 43°F
Rel. Humidity: 47%
med.-‘i:l LI 4_ mph Thiz forecssf is provided by
Visibility: 10 miles Nations! Weather Service
Preszure: 1010.3 mb {3040 in)
Sunrise: 6:41AM

Sunset: 6:49PM

\4 T = 63°F+? —> Bestguess AT~0.5°F

Wind speed 4mph+? —> Best guess +0. 5mph
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Measurement of the speed
of the light

1675 Ole Roemer: 220,000 Km/sec

Ole Christensen Rgmer
1644-1710

Does it make sense?
What is missing?

NIST Bolder Colorado ¢ = 299,792,456.2+1.1 m/s.
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Reading error

AL = 0.5mm L=53mmzAL(?)
.‘ A - Acrylic rod

AL = 0.03mm

'ﬁ

How far we have to go in reducing the reading error?

We do not care about If ruler is not okay, Probably the natural limit of
accuracy better than we need to use accuracy can be due to length
1mm digital caliper uncertainty because of
temperature expansion. For
53mm AL = 0.012mm /K
\3 K
El[ Reading Error = % (least count or minimum gradation).
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Read

ng

Error.

Fluke 8845A multimeter

(:(6]

Example Vdc (reading)=0.85V

AV =0.83 x (1.8 x 107%)

tal m

(o
((D

@

+1.0%(0.7x107%) =2.2x107°
= 22uv

8846A Accuracy

Accuracy is given as * (% measurement + % of range)

Range

24 Hour
(23 +1 °C)

90 Days
(23 £5 °C)

1 Year
(23 £5°C)

Temperature
Coefficient/ °C
Outside 18 to 28 °C

100 mV

0.0025 +0.003

0.0025 + 0.0035

0.0037 + 0.0035

0.0005 + 0.0005

1V

0.0018 + 0.0006

0.0018 + 0.0007

0.0025 + 0.0007

0.0005 + 0.0001

10V

0.0013 + 0.0004

0.0018 + 0.0005

0.0024 + 0.0005

0.0005 + 0.0001

100V

0.0018 + 0.0006

0.0027 + 0.0006

0.0038 + 0.0006

0.0005 + 0.0001

1000 V

0.0018 + 0.0006

0.0031 + 0.001

0.0041 + 0.001

0.0005 + 0.0001

I
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The accuracy of an experiment Precision refers to how closely

is a measure of how close the individual measurements agree
result of the experiment comes with each other
to the true value

I
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Accuracy and precision

Precise, Not Accurate Accurate, Not Precise

Accurate, Precise

I
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nd randem errors

(7))
<
»
Hl'
3
(o))
E'f.
(@]
[EJ

« Systematic Error: reproducible inaccuracy
introduced by faulty equipment, calibration or

technique.

« Random errors: Indefiniteness of results due to
finite precision of experiment. Measure of
fluctuation in result after repeatable

experimentation.

Philip R. Bevington “Data Reduction and Error Analysis
for the Physical sciences”, McGraw-Hill, 1969
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Measuring of the speed of the
second sound in superfluid He4
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Temperature sensor
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Random errors

Systematic error

Result of measurement i
- xtrue + es + ?r

!
xmeas
Random error

Correct value
eS
DI 0.35 -
0.30 | 030 | ._n ﬂ
L] .
025 05 | g .
"
| |
0.20 + 0.20 ; vv
" v
O o5} O o5t : A
] v @
o010l 010 | H v
. L] v
5 1
005 L 0.05 | r 1 E
0.00 (‘) o 000 0 20 40 60 8I0 100 120 1:10
X.
X xtrule
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~ 2 e n=0,12,...

I': decay rate [counts/s] L: time interval [s]
= P,(rt) : Probability to have n decays in time interval ¢

Siméon Denis Poisson
(1781-1840)

o |l j 5 10 15 20
" number of counts

illinois.edu

A

statistical process is described

through a Poisson Distribution if:

©)

random process -> for a given
nucleus probability for a decay to
occur is the same in each time
interval.

universal probability 2 the
probability to decay in a given time
interval is same for all nuclei.

no correlation between two instances
(the decay of on nucleus does not
change the probability for a second

nucleus tOpﬁ'ys*Fc?%Y- >




but

l—l
(—l

2oisson distr

(rt )n - I: decay rate [counts/s] L: time interval [s]
Pn (t) — € n=012,. > P,,(rt) : Probability to have n decays in

time interval t

Properties of the Poisson distribution:
>'P,(rt)=1, probabilities sum to 1

<n>=>»n-P (rt)=rt , the mean
n=0

o=\ (n—<n>yP, (1) =t

0 I é I 1I0 I 1I5 I 2I0
number of counts standard deviation

1
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probability of
occurence

0.1
0.08
0.06
0.04
0.02

0

I

sson distribution at lat
n
rt
) e" n=0,12,...
n!
Poisson and Gaussian distributions
A :
77' \\ "Poisson
]/ a\ distribution”
— "Gaussian
/ \ distribution” Carl Friedrich Gauss
J/ N (1777-1855)
10 20 30 40
number of counts
P (x) = 1 e—(xz_jz)z Gaussian distribution:
n ol /2” 1 sics a0t continuous
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o . . ag
o /272. Error in the mean is given as NI
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Source of noisy signal

4.89855
5.25111
i 2.93382
4.31753
4.67903  Expected value 5V
3.52626
of 4.12001
e 2.93411

sample i

17[ Actual measured values

U(v)
..
==
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Measurement in presence of no

N
00, =45 6 7 8 9
U (v)
2000!
/i, o
% 1000 §§ N §§
O
2 4 6 8 10
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G - 3 L3
Result =) U = X_ + o -standard deviation
N N — number of samples

1 For N=10° U=4.999+0.001 0.02% accuracy
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Count

L) L)
o Ll L ) —
=1t errors
—
40
108 _
800 | Ag 1,=157s L9
110 &
_ >
e Agt , 24.6s S
n
Model ExpDec2 [¢D)
600 Equation y = Al*exp(-x/tl) + 04
A2*exp(-x/t2) + y0
I Reduced Chi-Sqr 1.43698
Adj. R-Square 0.96716 . : .
400 | Value Standard Error 0 50 100 150
C yo 0.02351 0.95435 tlme (S)
L C Al 104.87306 12.77612
(63 t1 177.75903 18.44979
(63 A2 710.01478 25.44606
200 B (3 t2 30.32479 1.6525
L Equation n{ﬁ/z)))'exp(-z
*((x-xc)w)'2)
0 201 | ]
0 200 400 600 800 . - |n oo
C Counts A 219.24559 14.47587
. > Counts sigma 2.96699
time (s) 3 e
O
= Al A2 — \
y = Aleexp i eexp| — [+,
! 2 oL TR N AN S S RS
iq g . -2 . 0 20
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he residuals

Q
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Residuals

Count

40
20t
0
20 F
1 1
0
201
ol m\w\\mi :
-20 0 20

Residuals

i
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150

T | e e B L R Trr T T TrT Ty T ]
208 - .
()
— S |
= 156:— ]
c
o
©
E 104 - -
52 2
o ; ...... Loacacne o o o oo | W YT VO W T Y YT ) | IR O Vo o T T O U | T T S T N T N | I
0.000 0.027 0.054 0.081 0.108
Frequency

No pronounced frequencies found

physics 401

20



Residuals

Count

tting. Analysis of the res

=

duc

'fm
»

Test 1. Autocorrelation function

1
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40
Ag B decay
20 ;
. — | 4
H
20 | gzé ‘ ‘ '
0 50 100 150 °— VM%WW‘
time (s)
300 500 dno 200 0 ‘200 400 600 800
=
201 Correlation function y(m) = Z f(n)g(n—m)
R n=0
% §§ M -1
ol L S autocorrelation function y(m) = Z f (ﬂ) f (n — m)
Residuals n:0
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count

Fitting. Analysis of the residuals. Non “ideal” case

Ag B decay
e

800 .
l [ 40 = 1
L Model ExpDec2 + |
| y = Af*exp(-x/t1) + A2*ex
C | | Equation p(-x/t2) + y0 r |
600 [ ! | L :
& | | Reduced 100.10041 : .
L | | Chi-Sqr r |
C | | Adj. R-Square 0.99181 20 [ - |
C | Value Standard Erro E L & s I [ ] -
C | ¥0 5.18284 1.99542 1) 2 | n e[ g" "
400 ! ul = _ =g | " B g m A e
- : Al 130.85655 2027379 s r . - .i' - - "atEy i i
. | |F 1l 14580449 21.82649 T L - 0= 5 &
s | A2 702.82197  19.21953 ] F m w a - s -
C | 2 27.93939 1.30697 2 o0 |——-Ir'—r+ = 'i..
C | C ™ .' - Ry my =
2002- ( C ‘: L[ an & % e, 3
|'m Hgul_ g
g . | * I ¥ o I h
liim o
n
sy ] -~ - e 20 o I
0+ i-"';"'?"f-.‘d' e = L™ | [ ]
.................. e i e RATITH] T TR IR T T HTT T FT VoA BT r 68 T IR A I T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
time (s) time (s)

_ Clear experiment Data + “noise”

t,(s) 177.76 145.89
t,(s) 30.32 27.94

I
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. 120
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g ] N N N\
S Nm 2 Bl AN B e 7O iae ?3;,‘“*‘*’%&}0 L
time (s) Regular residual
900 [+
: 0.03333 ]
720 e
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e L L3 e GJ C —:
normal distribution and there is - ]
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spectrum = g
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b ovzr ot oot 0108
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20000

. | T ' Autocorrelation function
205— - - | 1oooof-
. L - i
N SLELE PRI M-S B T L
S el et e e L
S R T 5
i e kR e R s aa !
time (s) Time

Conclusion: fitting function should be modified by adding an additional term:

tj+A38in(a)t+H)

2

y(t)= yo+A1exp( tJ+A2exp(

1

illinois.edu physics 401



Fitting. Analysis of the

residuals. Non “ideal” case

35
800 - ‘
o expdec2sine (User) 30
25
y=y0+A1"exp(-x/t1)+A2"exp(-x/12)+A3"sin(f0"x+te
ta) w 20
600 i ERY
1.38135 g 10
0.97307 % 5
Value Standard Error %
yo 252302 0.92374 % 0
400 Al 6.84755 3.12427 g
t1 '2.79267 17.64555
A2 T707.94055 25.0644 -10
2 30.1719 164703
A3 28082 0.61892 =15
fo 20964 4 20 ) 1 n L
200 - eta 95563 [) 200 400 800
Independent Variable
0 "g’m Lt S T S
Eldsiaalinniatonliing biivoaiadiiining | PR Liiaiati Lisaiaats ! ! £ !
0 100 200 300 400 500 600 700 800 FFT 8000 "}
time (s) 192 t l t‘
« dUtocorreiation
D 144 -
'g 4000 |
'E =
2
o 96 |- 5
g O 2000 F
48
0
. ) : i i
0.000 0.027 0.054 0.081 0.108 -2000 1 L L
1000 -500 [ 500 1000
Frequency Time

I
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_ Clear experiment Modified fitting

t,(s) 172.76 145.89 172.79
t,(s) 30.32 27.94 30.17
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y = f(x1, x2 ... xn)

2
Af (X.,AX.) = [i] - AX?
1

~

1.15
~ [
>
Y

XtAX,

>
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| f(L,C)=—, |
Derive resonance frequency f 2x N\ LC
from measured inductance
L+AL and capacitance C+AC L, =10+£1ImH, C, =10%2pF
Af(L,C,AL,AC)=\/[ o ] ‘AL + [ a ] AC*?
oL oC
of -1 -— -2
oL 4,[(3 L Results:
o _ 1 3 f(L,,C,)=503.29212104487Hz
= L <C ¢ Af=56.26977Hz
oC 4r

f(L,,C,)=503.3+56.3Hz
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Consider 6 measurements of a pendulum period : 3.8, 3.5, 3.9, 3.9, 3.4 @

Should the last measurement be rejected?

I

illinois.edu

Yes:  If some aspect of the experiment was changed ... new “slow”
stopwatch, etc.
No: Never! You must always keep all data !! (diehards; beware)

Maybe? The usual case. You don’t know why, but something may have
made this measurement “bad.” How do you set you set up a
judgement that is unbiased?

First, compute some simple statistics:
Mean of measurements; X — -

1
Standard deviation: G, = \/ N Z(xl- — X )2 =0.8

Is the 1.8 measurement anomalous? It differs by 2o (1.6) from the mean.

physics 401
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Chauvenet’s Cri

Chauvenet’s criterion Is the following: If the suspect measurement has a lower

probability than 1/2, you should reject it.

We made 6 measurements. So, we expect that only 1/(20/6) = 0.3

New results:
Mean = 3.7

Standard deviation = 0.2 I much smaller !

I
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Rejection of Data
Is all data good data?

 Write down everything

— in the logbook; take your time; use sentences; record numbers
(values);

— glitch in the power? note the time

— temperature “cold” or “hot”? comment about it

— somebody “reset” the system? note it please and when
 Record (electronically if possible) everything reasonable

— as parallel information to the main data set

— temperatures; voltages; generally called “slow controls”

 You WILL (almost certainly) have to go back and hunt for this
documentation when something possibly anomalous arises ... and
it will

I
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